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Natural  r e s i n s  are formed i n  t r e e s  a s  a p r o t e c t i v e  measure when t h e  
bark is in jured .  An exuded viscous l i q u i d  covering t h e  i n j u r y  looses  its 
more v o l a t i l e  components and apparent ly  undergoes polymerizat ion and conden- 
s a t i o n .  These r a t h e r  s t a b l e  substances appear t o  occur i n  low rank c o a l s  
i n  a s t a t e  s i m i l a r  t o  t h e i r  o r i g i n a l  s t r u c t u r e .  The l a c k  o f  chemical 
i n v e s t i g a t i o n  of coa l  r e s i n s  i s  undoubtedly assoc ia ted  with t h e  t a c i t  
assumption of t h e i r  s i m i l a r i t y  t o  the  n a t u r a l  r e s i n s  an& with t h e  ,observa- 
t i o n  t h a t  t h e i r  phys ica l  appearance suggests  l e s s  a l t e r a t i o n  than  any o t h e r  
maceral. 

Although microscopic resin-forms e x i s t  i n  r e s i n  d u c t s  observed i n  most 
coals ,  c e r t a i n  coa ls  conta in  some macroscopic p a r t i c l e s  which a r e  probably 
t h e  c o a l i f i e d  product of t h e  o r i g i n a l  exuded r e s i n s .  The lat ter can usual ly  
be freed from t h e  assoc ia ted  coa l  by proper  comminuition and separa ted  by 
g r a v i t y  methods, although prepara t ion  of a "pure" f r a c t i o n  i s  d i f f i c u l t .  

Most s t u d i e s  on coal  r e s i n s  have been l imi ted  to  t h e i r  phys ica l  descr ip-  
t i o n  and cons idera t ions  of recovery techniques.  
from l i g h t  yellow t o  deep brown and i n  s p e c i f i c  g r a v i t y  from 1.00 t o  about 
1.25. They possess  var ied  s o l u b i l i t y  c h a r a c t e r i s t i c s  although c o n s i s t e n t l y  \ 

water inso luble .  
a near ly  constant  elemental ana lys i s :  80% carbon, 10% hydrogen and 10% oxygen. 
A general ized c o n s t i t u e n t  c l a s s i f i c a t i o n  represent ing  f u n c t i o n a l  group compo- 
s i t i o n  inc ludes :  r e s i n  acids ,  r e s i n  a lcohols ,  r e s i n  esters and resenes.  
The l a t t e r  represents  hydrocarbons. 

These r e s i n s  range i n  co lor  

A wide melt ing range between 120 and 4OO0C, c o n t r a s t s  with 

The experimental d a t a  evaluated i n  t h i s  i n v e s t i g a t i o n  inc ludes :  solu- 
b i l i t y  i n  a l k a l i  and i n  organic  solvents ,  equiva len t  weights, mel t ing poin ts ,  
elemental analyses ,  saponi f ica t ion ,  c o r r e l a t i o n  with a b i e t i c a c i d  and amber 
proper t ies ,  2,4-dinitrophenylhydrazine r e a c t i o n  and absorp t ion  s p e c t r a .  

The coal  employed i n  t h i s  s tudy was a North Dakota lignite, of  t h e  
Paleocene For t  Union formation whose a n a l y s i s  appears i n  Table  1. The r e s i n s  
s tud ied  w e r e  recovered from t h e  crushed l ign i te  by a s i n k - f l o a t  procedure 
employing a mixture of n-heptane and carbon t e t r a c h l o r i d e  . ( s p e c i f i c  grav i ty ,  
1.15) as t h e  separa t ion  medium. A y i e l d  of 0.6 g. of pure r e s i n s  was 
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obtained from one kilogram of l i g n i t e .  The resins va r i ed  i n  co lo r  from 
l i g h t  yellow t o  deep red and were a r b i t r a r i l y  separated i n t o  t h e  t h r e e  c l a s s e s  
yellow-light orange, orange, and dark orange-red. 

Table 1 

Proximate Analysis of Sen t ine l  Butte U g n i t e  

Moisture 

Ash 

V o l a t i l e  Matter 

Fixed Carbon 

20.0% 

8.8% 

47.5% 

23.7% 

Moist B.T.U. 7500 

Figure 1 shows t h e  r e p r e c i p i t a t e d  acid f r a c t i o n  of t h e  resin color  
c l a s s e s  t o  possess  e s s e n t i a l l y  i d e n t i c a l  v i b r a t i o n a l  c h a r a c t e r i s t i c s .  T h i s  
is  also t r u e  f o r  t h e  o r i g i n a l  r e s i n  co lo r  c l a s s e s .  
a r i t y  appears i n  t h e  3 micron region.  The darker  colored r e s i n s  apparer.cly 
have an increased degrecj of a s soc ia t ed  hydroxyl v ib ra t ion .  The assignments 
given t o  the  var ious absorpt ions a re  ahown i n  Table 2 .  The u l t r z r i o l e t  
absorpt ion spec t r a ,  Figure 2, show equal  similari t ies between co lo r  c l i s s e s .  
However, the darker-colored resirs undoubtedly have a higher  chromophoric 
concentrat ion.  The 215 mil l imicron absorption maximum and the  v i s i b l e  
absorpt ion d a t a  (Figure 8 ) '  suggest a conjugated carbonyl s t r u c t u r e .  T h i s  
p o s s i b i l i t y  is confirmed by a p o s i t i v e  tes t  f o r  a ketone by formaTion of I- 

dark orange-red 2,I-dini  trophenylhydrazone. 

The c:.ly major d i s s imi l -  

Table 2 

Infrared Absorption Assignments of t h e  Resins and Resin Acids 

Wavelength (microns) 
\ 

2.93 

3.05 

3.42 

5.80 (shoulder)  

5.89 

6.81 

6.88 

7.25 

8.0-9.0 

9.19 

9.72 

10.26 

11.30 

. .  

Vibrat ional  Assignment 

0-H s t r e t c h  (unassociated)  

0 - I J  s t r e t c h  (associated)  

C-H s t r e t c h  ( a l i p h a t i c )  

C=O s t r e t c h '  

C=O s t r e t c h  

C-H bend ( a l i p h a t i c )  

C-H Bend ( a l i p h a t i c )  

CH symmetrical bend 

C-0 s t r e t c h  

r i n g  v ib ra t ion  

r ing  v i b r a t i o n  

C-H bend, o r  r i ng  v ib ra t ion  

C-H bend 

3 
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The noted v a r i a t i o n  i n  t h e  da rk  colored r e s i n s  i s  c o n s i s t e n t  with o the r  
observat ions.  The equivalent  weights have lower values  (Table 3) as  do t h e  
melting point  ranges (Table 4) .  In  addi t ion,  t h e  dark-colored r e s i n s  a re  
more soluble  i n  a number of common organic  so lven t s  (Table 5 ) .  

The melting range and s o l u b i l i t y  d a t a  i n d i c a t e  the  dark-colored res ins  
t o  b e  a lower molecular weight ma te r i a l .  However, s ince  t h e  s p e c t r a l  da t a  
ind ica t e  a l l  t h e  r e s i n  c o l o r  c l a s s e s  t o  have e s s e n t i a l l y  the same s t r u c t u r e ,  
i t  appears t h a t  d i f f e r e n c e s  : n  molecular weight must r e s u l t  from varying 
degrees of condensation of some bas i c  s t r u c t u r a l  u n i t .  Sapon i f i ca t ion  
s tud ie s  a re  i n  agreement with t h i s  conclusion. The saponif ied products of 
both the  orange and ye l loa - l igh t  orange r e s i n  ac ids  have common equivalent 
weights. I t  i s  suggested tha t  t he  major po r t ion  of t hese  resins,  t h e  resin 
acids,  a r e  at least  i n  p a r t  composed o f  a b a s i c  u n i t  s t r u c t u r e  condensed 
i n  the  form of an e s t e r .  

I n  consider ing t h e  na tu re  of th is  b a s i c  uni t ,  i t  seems l o g i c a l  t o  pursue 
an inves t iga t ion  o f  a b i e t i c  acid which has been s tud ied  ex tens ive ly  i n  deal-  
i ng  with n a t u r a l  p l a n t  r e s i n s ,  The oxidat ion tendencies  of a b i e t i c  ac id  a r e  
e spec ia l ly  s i g n i f i c a n t .  

A s  a b i e t i c  ac id  undergoes slow a i r -ox ida t ion  (Figure 3) i t s  i n f r a r e d  
absorption spectra becomes inc reas ing ly  s i m i l a r  t o  t h a t  of t h e  r e s i n  ac ids .  
The xa jo r  changes a re  a s soc ia t ed  with t h e  higher  oxygen content  (lower 
carbon and hydrogen values  - Table 6) and t h e  decreased c r y s t a l l i n i t y  
(amorphorous appearance and lower melt ing range - Table 4) o f  t he  oxidat ion 
products.  A second carbonyl band appears a t  5.80 microns, and t h e  absorpt ion 
i n  t h e  8.0 t o  9.0 micron,region, corresponding t o  C-0 s t r e t c h i n g  v ib ra t ions ,  
i s  increased.  The decrease i n  t h e  c r y s t a l l i n e  na tu re  of oxidized a b i e t i c  
ac id  i s  also markedly r e f l e c t e d  i n  t h e  i n f r a r e d  spec t r a .  The des t ruc t ion  
of a t  l e a s t  p a r t  o f  t h e  unsaturated s t r u c t u r e  by oxidat ion i s  ind ica t ed  by 
the  decreased band a t  7.82 microns, corresponding t o  the  > C = cE1 group. 

Related e f f e c t s  are noted i n  the u l t r a v i o l e t  absorpt ion s p e c t r a  (Figure 
4 ) .  These a r e  i n  general  a s soc ia t ed  with the  conjugated double bonds. The 
241 millimicron band maximum decreases  and a new absorpt ion appears a t  215 
mill imicrons i n d i c a t i n g  t h a t  t h e  t o t a l  unsaturated cha rac t e r  i s  not destroyed, 
but t h a t  one of t h e  double bands remains i n  conjugat ion with t h e  carbonyl 
group formed by the  ox ida t ion ,  

Although s imi l a r ,  t h e  i n f r a r e d  absorpt ion s p e c t r a  o f  the r e s i n  and t h a t  
of a i r -oxidized a b i e t i c  acid are not i d e n t i c a l .  The r e s i n  apparent ly  has 
a higher a l i p h a t i c  C-H content  and possesses  t h r e e  unique bands a t  9.72, 
10.26 and 11.30 microns. These l a t te r  absorpt ions a r e  found i n  amber, a 
na tu ra l  r e s i n  which is  considered to be a mixture of succino-abiet ic  acid 
and esters of s u c c i n i c  ac id .  I t  i s  c h a r a c t e r i s i t c a l l y  in so lub le  i n  a c e t i c  
acid.  

The r e s i n s  y i e ld  a g l a c i a l  a c e t i c  acid-soluble  f r a c t i o n  which is  
darker  i n  co lo r ,  has  a lower melting range and lower carbon-hydrogen content 
than the  o r i g i n a l .  The i n f r a r e d  s p e c t r a  of t he  acetic acid-soluble r e s i n  
f r ac t ion  and the air-oxidized a b i e t i c  ac id  (Figure 5) a r e  ve ry  similar, 



-12- 

Table 3 

Equivalent Beight Determinations 

Sample Zauivalent :,:eight 

A.  Precipitated r e s i n  acids 
1. Yellow-light orange 

Average 

2.  Orange 

Average 

3 .  Dark Grange-red 

Average 

3 .  Saponified r e s i n  a c i d s  
1. Yellow-light orange 

Average 

2 .  Grange 

Average 

C. Glacial  a c e t i c  a c i d  
inscjlubie f r a c t i o n  
1 .  Yellow-light orange 

2. Grange 

D. Abietic  ac id  
-1. Pure 

2 .  "Air-oxidized' ,  15 years 

726 
748 
737 

548 
660  
654 

55.6 
535 
546 

325 
341 
333 

32 7 
332 
34C 
333 

49 5 

433  
444 

Average 433 

23 9 
3C1 
3c3  

Average 301  

336 
337 
334 

Average 336 

. 
\ 
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Table 4 

Melting Point  Data 

Sanplc 

A. Xesins 

1. Yel low-l izht  oranze 

2. CranSe 

3 .  >ark orange-red 

3 .  P r e c i p i t a t e d  r e s i n  a c i d  (orange) 

C.  Acetic a c i d  s d l u b l e  f r a c t i o n  
(oranze r e s i n s )  

3 .  ?.cztic ac id  i n s o l u b l e  f r a c t i o n  
(ornnge r e s i n s )  

I 

2 .  Jbretic a c i d  

1. Pure 

2 .  a i r - o x i d i z e d  f o r  f i f t e e n  years  

Z .  .L:iier 

T a j l e  5 

; o 1 vent  

Acetons 

Chlorof orrn 

Ethano.1 

Melt ing Range('C1 

185- 210 

180-205 

170-190 

1EO-210 

141-167 

220-295 

i52-164 

9 1-95 

245-325 

Xrsin J o l u 5 i i i t y  Tests i n  Organic Solvents  

V e l  iov-i.i::ht Orange Orange Dark Crange-Red 

S l i g h t l y  s o l u b l e  Very s o i u b l e  Completely 
s o l u b l e  

Inso luble  S l i g h t l y  
s o l u b l e  . 

S i i g h t l y  
solub 1 e 

S l i g h t l y  s o l u b l e  Very s o l u b l e  Completely s o l u b l e  . 
Glacia l  Acet ic  Very s o l u b l e  

,=- Acid 

Benzene Inso luble  

Very s o l u b l e  Very s o l u b l e  

S l i g h t l y  s o l u b l e  S l i g h t l y  s o l u b l e  
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Table 6 

\ Results of alemental Analyses and Xol. ' i t .  Deteminations 
>lo 1. 
::t . 0 -  Szmple RC %;I %PI Ls %dsh 

Besin (orange) 

Precipitated resin ac ids  
(orange) 

Glacial  a c e t i c  ac id  
so lub le  fract ions  
1. Yellow-light orange 

2. Orange 

Abiet ic  Acid 

1. Pure 

a.  Theoretical 

2.  "Air-oxidized" for 
two years 

3. "Air-oxidized" fOT 
for f i f t e e n  years 

78.8 

78.5 

75.8 

75.0- 

75 .1  

79.6 

79.5 

79.4 

77 .1  

77 .1  

70 .3  

10.0 

10.h 

9.4 

9 . 4  

9.6 

1 0 . 2  

10.1 

10.0 

9.6 

9.5 

' 8 . 4  

0.8 none 

0.3 --- 6 35 --- 
\ 

--- -e- 

--- -e- 

.I 
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e s p e c i a l l y  i n  r e s p e c t  t o  t h e  decreased absorpt ions a t  9.72, 10.26 and 11.30 
microns which .are  r e l a t e d  t o  amber. The i n f r a r e d  s p e c t r a  of the g l a c i a l  
a c e t i c  acid-solubles  and inso lubles  a r e  s t r i k i n g l y  d i f f e r e n t .  The l a t t e r  

.F _-  c l o s e l y  approximates t h e  spectrum of  n a t u r a l  amber. The s t r o n g  hydroxyl 
band a t  2.93 microns, i n  t h e  amber spectrum, i s  a d i s s i m i l a r i t y ,  but  i s  i n  
agreement with t h e  less i n t e n s e  carbonyl bands observed. Supporting evidence 
i s  ind ica ted  i n  t h e  u l t r a v i o l e t  absorpt ion s p e c t r a  of  t h e  s o l u b l e  compound, 
Figure 6 ,  and of t h e  inso luble  f r a c t i o n ,  Figure 7 ; .  The d a t a  suggest  complete 
i s o l a t i o n  of t h e s e  compounds w a s  not  a t t a i n e d .  

r 
Y, 

\ 

By ass igning  the' 11.30 micron absorpt ion t o  amber, t h e  s p e c t r a  of t h e  
o r i g i n a l  r e s i n  co lor -c lasses  may be i n t e r p r e t e d  t o  i n d i c a t e  a cons tan t  l e v e l  
of amber concentrat ion.  Therefore, t h e  v a r i a t i o n  i n  equiva len t  weights of 

f - ,  

t h e  d i f f e r e n t l y  colored r e s i n  ac ids ,  cannot be r e l a t e d  t o  varying amber 
concentrat ions.  The d i f f e r e n c e  i n  t h e  equivalent  weights of  t h e  amber-like 
f r a c t i o n  ( a c e t i c  ac id- inso luble)  obtained from t h e  yel low-l ight  orange, and 
orange r e s i n s  i s  not  d i v e r s e  enough t o  account f o r  t h e  d i f f e r e n c e  i n  the 
equivalent  weights of  t h e  corresponding r e s i n ' s  ac ids .  S ince  i t  has  been 
ind ica ted  t h a t  s l i g h t  mutual contamination e x i s t s  i n  t h e  t w o  acetic acid- 
s o l u b i l i t y  f r a c t i o n s ,  one may conclude t h a t  t h e  equiva len t  weight of t h e  
amber i s  constant ,  but t h a t  of the  oxid ized-abie t ic  ac id  f r a c t i o n  v a r i e s .  
This  proper ty  of t h e  oxid ized-abie t ic  ac id- l ike  f r a c t i o n s  ( a c e t i c  acid-soluble)  
decreases  with increas ing  r e s i n  co lor  i n t e n s i t y .  

Since i t  has  been shown e a r l i e r  t h a t  s a p o n i f i c a t i o n  reduces t h e  equiva- 
l e n t  weights of t h e  d i f f e r e n t l y  colored r e s i n  acids  t o  a common value, it 
seems t h a t  t h e  "oxidized a b i e t i c  acid-like' '  mater ia l  e x i s t s  a s  an ester. 
This  i s  poss ib le ,  s i n c e  t h e  oxida t ion  products  of a b i e t i c  a c i d  have been 
shown t o  have hydroxyl groupings, and could e n t e r  i n t o  self-condensat ion 
reac t ions .  A p o s s i b i l i t y  of an a b i e t a t e  o t h e r  than a self-condensat ion 
product i s  discounted because of  t h e  s i m p l i c i t y  of t h e  s p e c t r a ,  and because 
of a high molecular weight a lcohol  would have been i n s o l u b l e  . i n  t h e . a l k a l i n e  
so lu t ion  a f t e r  saponi f ica t ion .  Such a self-condensat ion r e a c t i o n  could a l s o  
account f o r  t h e  d i f f e r e n c e s  i n  co lor  of  t h e  r e s i n s  and t h e i r  corresponding 
acids ,  i f  t h e  condensation involved a secondary hydroxyl group t h a t  might 
otherwise be oxidized t o  a chromophoric carbonyl group. 

I t  i s  concluded t h a t  t h e  r e s i n s  separa ted  from t h i s  North Dakota lignite 
have undergone only a moderate degree of a l t e r a t i o n  dur ing  the c o a l i f i c a t i o n  
process, t h a t  they a r e  composed of a mixture of amber (succino-abiet ic  acid 
and e s t e r s  of s u c c i n i c  ac id)  and a form of oxid ized-abie t ic  ac id .  I t  is 
suggested t h a t  t h e  oxid ized-abie t ic  ac id  component' has  undergone self-con- 
densat ion t o  form an ester. 
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Figure 1 Comparison of res in  acids.  
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Figure 2 
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Figure 3 Comparison of abietic acid, “air-oxidized” 

abietic acid, and resins. 
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Figure 4 Comparison of abietic acid, “air-oxidized“ 

abietic acid, and resin. 



Figure 5 Comparison of  "air-oxidized" a b i e t i c  ac id  ar.d g l a c i a l  
a c e t i c  a c i d  so lub le  f r a c t i o n ,  and g l a c i a l  a c e t i c  acid 
inso lub le  f r a c t i o n  and amber. 
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Figure 6 Comparison of g l a c i a l  a c e t i c  acid 
so lub le  f r a c t i o n  and "air-oxidized" 
a b i e t i c  ac id .  

0- - 
wavelength (mil l imicrons)  
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